In this paper, an application of reproducing kernel Hilbert space (RKHS) method is applied to solve system of Fredholm integro-differential equations. The exact solutions are represented in the form of series in the reproducing kernel space. Moreover, the approximate solutions u n (x), v n (x) are proved to converge to the exact solutions u(x), v(x), respectively. The results reveal that the RKHS is simple and effective.
Introduction
In applied mathematics, many problems lead to the following nonlinear system of Fredholm integro-differential equations In recent years, system of integro-differential equations have been of interest in mathematics, physics, engineering, and so on(see [7] [8] , [12] [13] and [19] [20] [21] ). IDEs are usually difficult to be solved analytically so it is required to obtain an efficient approximate solution. Therefore, they have been of great interest by several authors. Reproducing kernel theory has important application in numerical analysis, differential equations, integral equations, probability and statistics, and so on(see [1] [2] , [9] [10] [11] [12] and [20] [21] ).
In this paper, we apply the RKHS method to develop a novel numerical method in the space W 2 2 [a, b] for obtaining the exact and approximate solutions. The method has the following advantages: small computational requirements, high precision and it is possible to pick any point in the interval of integration and as well the approximate solutions and its derivatives will be applicable. Indeed, Numerical examples are presented to demonstrate the computation efficiency of the presented method.
We will give the representation of exact and approximate solution of Eq. (1) is not unique, then the solution that we obtain is a least-norm solution.
Let
After homogenization of the initial conditions, then Eq. (1) can be converted into the following form
where 
The last condition is called "the reproducing property": the value of the function ϕ at the point t is reproducing by the inner product of ϕ with K (·, t).
A Hilbert space which possesses a reproducing kernel is called a reproducing kernel Hilbert space (RKHS). 
The reproducing kernel
The method of obtaining coefficients of the reproducing kernel R x (y) and the proof of Theorem 2.1 are given in Theorem 2.4 in [20] . By using Mathematica 7.0 software package, the representation of R x (y) is given by
The reproducing kernel Hilbert space
is also a complete reproducing kernel space and its reproducing kernel is
The analytical and approximate solution
In this section, we will give the representation of analytical solution of Eq. (2) and the implementation method in the reproducing kernel space W
as follows:
where β ik are orthogonalization coefficients such that β ii > 0, i = 1, 2, .... Through the next theorem the subscript y by the operator L indicates that the operator L applies to the function of y.
Proof. Notice that
is dense on [a, b], therefore Lu (x) = 0. It follows that u (x) = 0 from the existence of L −1 . So, the proof of the Theorem is complete. 
Theorem 3.2 If {x
Proof. u (x) can be expanded to Fourier series in terms of orthonormal
Since the space W 2 2 [a, b] is Hilbert space so the series
In the same way, we can get
Now, the approximate solution u n (x) , v n (x) can be obtained by taking finitely many terms in the series representation of u (x) , v (x) , respectively, and
If Eq. (1) is nonlinear, then the approximation solution of Eq. (1) can be obtained using the following iteration formula.
We construct the iterative sequences u n (x) , v n (x) , putting
where the coefficients A i , B i ofψ i (x), i = 1, 2, ..., n are given as
...
... 
. Similarly, from Eq. (7), (9), ||r *
Consequently, the differences r n (x) , r * n (x) are monotone decreasing in the sense of · W 2
2
. So, the proof of the theorem is complete.
Therefore, the sequence u n , v n are convergent.
Example
In this section, some numerical examples are studied to demonstrate the accuracy of the present method. The examples are computed using Mathematica 7.0. Results obtained by the RKHS method are found to be in good agreement with the exact solution.
Example 4.1 [19] Consider the following system of Fredholm integro differential equations
The exact solution is u(x) = 3x
The numerical results at some selected nods for N = 100 are displayed in Table 1 and Table 2 . Example 4.2 [19] Consider the following system of Fredholm integro differential equations
where g 1 (x) and g 2 (x) are chosen such that the exact solution is u(
Using RKHS method, taking
.., N with the reproducing kernel function R x (y) on [0, 1]. The numerical results at some selected nods for N = 100 are displayed in Table 3 and Table 4 . 
Conclusion
In this paper, reproducing kernel Hilbert space method is employed to solve system of Fredholm IDEs. It is evident from the numerical examples that the method proposed in this paper gives the accurate results. The numerical results are displayed to demonstrate the validity of this method. Moreover, the error of the approximate solution is monotone decreasing in the sense of the norm of W 
